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ABSTRACT
Blue Cubed has developed Cobalt, a full duplex optical terminal which can support both symmetric
crosslinks and downlinks. The system has been engineered to be modular, easily mass produced and available
at a competitive price. Cobalt is intended for low earth orbit small satellite applications that require 100 Mbps
to 10 Gbps per communication links at ranges of up to 4000 km. The Cobalt core transceiver (excluding the
telescope) is roughly 0.5U (9 x 9 x 5 cm), one kilogram, and consumes 10 W of electrical power for the
3 Gbps system variant. An increased data rate can be achieved by adding up to three (3) additional 3 Gbps
channels which adds 3W of additional power and 100 g of additional mass per channel. The link performance
is a function of the radiometery where data rate, telescope size (11 mm to 100 mm) and range can be traded.
A gimbal which provides hemispheric coverage and meets the needs of the growing satellite constellation
market is also currently under development.
The Cobalt optical bench incorporates a novel, patented1 self-alignment technique based on differential
tracking of the transmit and receive signals. This approach greatly relaxes manufacturing tolerances and
makes the bench uniquely robust to environmental loading. While the self-alignment approach is applicable
at any wavelength, Blue Cubed has focused initial development on a 850 nm variant. Silicon-compatible
wavelengths offer low cost and high-performance detectors, tracking sensors, and lasers, all of which are
critical in highly SWaP and cost constrained applications.
Cobalt can be paired with the Bluefin X-band transmitter to provide a hybrid RF and optical downlink
terminal. In this talk we describe the status of the Cobalt transceiver, share laboratory test results and
discuss our path to initial on-orbit demonstrations targeted for late 2023.
1 Introduction

be 10’s of gigabits per second for data intensive operations such as synthetic aperture radar and hyperspectral imaging. With limited radio frequency
bandwidth available and increased data backhaul requirements for small satellites, optical communications both downlink and crosslink are becoming a
reality. Similar to the small satellite market, the
optical satellite communications market is expected
to see significant growth at a CAGR of 16.4% approaching a market valuation of $1 billion by 2026.3
Free space optical communications has been discussed as an alternative to radio frequency communications for satellites since the development of
the laser in the 1960’s. Some of the earliest published work was the Air Force Program 405B that
began in 1971 and was focused on the development
of a Nd-YAG laser communication system operating at 532 nm for a downlink from geosynchronous

The small satellite industry has grown dramatically over the past 25 years from its inception as
a student focused university project to a vibrant
industry. The global satellite market now is estimated to be valued at $4 billion with an expected
compound annual growth rate (CAGR) of 12.5%
to $10.75 billion 2028.2 All of the small satellites
on-orbit and being planned require some type of
communications system for command, control and
data transfer. Most systems can operate with relatively low bandwidth command and control links of
a few kilo-bits to a few hundred kilo-bits per second.
One potential exception is the need to upload new
software images to the operating spacecraft which
could require higher rate uplinks. Depending on
the application the required downlinks speeds can
Palo
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orbit with a goal of achieving a 1000 Mbps data
rate.4, 5 Shortly thereafter free space optical communications were considered as an alternative for deep
space satellite communications.6, 7 Initially these
deep space links were only envisioned for space-tospace applications where the deep space satellite
would utilize a free space optical link to a near-earth
relay satellite that would use an RF link to downlink data to current ground networks and avoid atmospheric scintillation.
In the early 1990’s a concept for broadband mobile satellite communications using low earth orbiting satellites (LEO) with optical crosslinks was
proposed which has many similarities to the megaconstellations currently being developed by SpaceX,
Amazon, OneWeb and others today.8, 9 This concept
includes L-band fixed beams and Ka-band steerable multispot beams for mobile user and satellite
links respectively. The optical intersatellite links
(OISLs) were proposed to operate at 830 nm with a
20 mW laser and 20 cm diameter aperture to achieve
a 2.5 Gbps throughput over a 3000 km link. This system was referred to as a broadband integrated services digital network (B-ISDN) and the concept was
similar to the IRIDIUM satellite network although
it used OISLs rather than Ku-band RF intersatellite
crosslinks.
Over the decade from 2000-2010, new concepts
for space based optical networking were developed
along with the demonstration of optical downlinks
and crosslinks on orbit.10–14 These on orbit demonstrations were “one-off” systems developed on space
agency budgets for large, typically scientific satellites. At about the same time the small satellite
revolution was accelerating with the development of
the cubesat and containerized deployer which enabled the launch of small satellites as secondary
payloads.15–17 The development of a viable secondary payload market opened up opportunities for
a wide range of new space companies including
those constructing complete satellites, subsystems
and also providing services including earth imaging
from space.18–21
These new applications and related opportunities are driving a demand towards higher rate communications to backhual the large quantities of data
collected by these satellite systems in addition to
significantly reducing latency time from data collection to decision making. These needs have created clear market opportunities for optical downlink and crosslink systems. While optical downlinks can relieve some of the always contentious frequency licensing challenges and provide increased
bandwidth, it does not address the latency issue as
Palo

latency is fundamentally limited by link availability.
Reduced latency can be accomplished via intersatellite communication links as the ability to crosslink
between satellites provides nearly continuous availability given a sufficiently dense satellite constellation. The SpaceX Starlink,22 Amazon Kuiper23 and
Space Force Blackjack24 proliferated transport layer
constellations all leverage this concept to reduce latency.
While satellite mega-constellations require high
rate (100 Gbps or more) optical interconnects to
transfer data through their networks, most small
satellite applications require far less bandwidth.
Moderate rate crosslinks (100 Mbps to 1 Gbps) are
a mission-enabling capability for many applications.
As such it is interesting to compare and contrast
these different use cases as they lead to potentially
different trades and solution spaces.
Utilizing 1550 nm, in the near infra-red, has been
the choice of many for optical intersatellite links
in recent years, largely based on the significant investment of the fiber telecom industry. The abundance of high-reliability fiber components, especially
coherent transceiver modules and ASICs, make for
very attractive high-rate (100 Gbps and up) link solutions. Unfortunately use of these components also
requires power-inefficient fiber amplifiers and solving
the free-space to single-mode fiber coupling problem. When these disadvantages can be amortized
over very high link rates they can be justified, however, they scale poorly to lower link rates and SWaP
constrained environments when terminal power consumption and simplicity are of paramount importance.
To meet the need of the small satellite market
Blue Cubed was formed in 2018 by seasoned veterans
of the small satellite and lasercom communities. The
team has focused on developing low size, weight and
power (SWaP) systems that can be easily accommodated on ESPA and CubeSat class satellites. Understanding that operating at 1550 nm is not power
efficient, Blue Cubed has developed a system operating at shorter “silicon friendly” wavelengths.25
This enables the use of >30 % efficient laser diodes
rather than <10 % efficient erbium doped fiber amplifiers (EDFAs) and fast CMOS focal plane arrays
for acquisition and tracking. Additionally the Blue
Cubed team recently received a patent1 for a differential Self-Referenced Optical Architecture (SROA)
which dramatically reduces the manufacturing tolerances for our Cobalt optical system. It is expected
that this design will increase the manufacturability
of the Cobalt optical system and in doing so enable
production at scale which is expected to dramati2
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cally reduce unit costs.
The following section of this paper discusses
OISL usage in contellation archirectures and then
provides an overview of the Cobalt self-referenced
optical architecture with a focus on our key innovations. This is followed by a short discussion on
our prototyping approach and details about recent
results on our SROA tracking system performance,
wavefront sensor characterization and preliminary
testing results.

Figure 2: DoD proliferated LEO transport
layer concept.28

2 Constellations

All of these constellations will be vying for spectrum to support their mission goals and some applications have demanding latency requirements that
cannot be supported with a limited network of
ground stations. While optical downlinks can alleviate some of the issues surrounding limited RF bandwidth, these optical downlinks can be impacted by
weather thus limiting their operational availability.
Additionally, these optical downlinks do not help to
remedy latency challenges. Such latency challenges
are best addressed with a connected space network
such that data can flow from one spacecraft to another through the network until the critical data
reaches a satellite that has a ground station in view.
Travelling at the speed of light an optical signal can
circumnavigate the globe (40 000 km circumference)
in approximately 100 ms. Unfortunately such an optical signal travels in a straight line (in a vacuum)
and is not refracted around the earth. At an altitude
of 500 km, the maximum separation between spacecraft is approximately 4000 km requiring 10 satellites
in a orbital plane to provide the ability to transmit
an optical signal around the globe. For this reason
many of the interconnected satellite constellations
require crosslinks operating at ranges of 2000 km to
5000 km. Longer ranges are required to communicate to MEO and GEO.
DARPA and the Space Force have embraced the
utility of ESPA class small satellites and developed
the proliferated LEO constellation concept that includes the DARPA Blackjack project. The plan
is for a proliferated LEO constellation of approximately 200 satellites in 18 different orbital planes
with 10 satellites in each plane. This geometry results in an in-plane separation of 4000 km and a
cross-plane separation of 2000 km to 3000 km at the
low latitudes. Figure 1 is an artists representation
of the Blackjack constellation showing satellites in
multiple orbital planes with both in-plane and cross-

Figure 1: Artist rendition of Blackjack Constellation including crosslinks.26
With the reduction in launch costs and market
maturation of small satellites, there has been a recent trend towards commercial satellite constellations. Kulu27 conducted a recent satellite constellation survey which identified 215 commercial satellite constellation in 2021. Today only 8 % of the
constellations have launched and nearly 30 % of the
constellations have become dormant or cancelled for
both technical and non-technical reasons. Broadband internet constellations are the most prominent
satellite networks which include SpaceX, Kuiper,
OneWeb, Magnata Networks, and Kepler Communications to name a few. Other constellation visions include earth surface observations in the visible
(e.g., Planet), IR and radar wavelengths (synthetic
aperture radar; e.g., Capella, IceEye), atmospheric
measurements (e.g., GHG, Bluefied, Spire, PlanetiQ,
GeoOptics) along with IoT/M2M (e.g., SWARM
Technologies, Lacuna Space) in addition to aircraft
monitoring via ADS-B (e.g., Spire, EactEarth, Kleos
Space). Emerging constellation trends include RF
spectrum monitoring, orbital data relays, quantum
key distribution and position navigation and timing.
Palo
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plane optical intersatellite links.
The Blackjack concept consists of two sensing
layers, one at low altitude and one at high altitude
and a data transport layer (see Figure 2). The data
transport layer is created where every satellite has
four nearest neighbor satellites in view. Because
RF crosslinks are impractical to support moderate
crosslinks with reasonably sized antennas, the operational concept leverages optical crosslinks. It is
also clear that satellite broadband providers such
as SpaceX and other commercial constellation developers are pursuing a similar approach with optically interconnected satellites in LEO to increase
system throughput, provide more robust networking
and provide lower latency to users.

other design challenges. First, most crosslink systems target much longer link ranges, often exceeding
4000 km for LEO-to-LEO applications and significantly farther for GEO and deep space applications.
Second, crosslink systems are limited by the telescope (aperture) size that is practical on the satellite.
The diameter of this aperture, typically 100 mm or
smaller and its ability to maintain near diffractionlimited performance in the space environment dominate the overall system link budget. A 100 mm telescope operating at 850 nm has a diffraction limit of
10.37 microradians (2.13 arcseconds). At 1550 nm a
182mm aperture would be required to acheieve the
same beamwidth. As such decreasing the operating
wavelength does decrease the beamwidth thus increasing the link performance but at a cost of more
stringent pointing requirements. The entirety of a
crosslink terminal solution is subject to the overall mass, power and volume limitations of the host
spacecraft.
Generally speaking, crosslink systems are harder
to design and implement than downlink-only systems. Many crosslink terminal designs can be
adapted for downlink use cases, but not the other
way around. After early exploration of downlinkonly systems, Blue Cubed pivoted to crosslinks in
2019 and developed the Cobalt optical bench which
can support both full-duplex cross-links and downlinks.

3 System Trade-offs and Challenges
Laser communication system designers must navigate a multitude of design trades to arrive at a practical and reliable solution for a given application.
In this section we discuss some of these trades at
a high level particularly with regards to the tradeoffs between the standard 1550 nm choice of wavelength and other options.We also describe the approach Blue Cubed has chosen to define our product
architecture.
3.1 Optical downlink and crosslink considerations

3.2 Wavelength Trades

Space-based laser communication links can be divided into two categories: downlink systems (i.e.,
space to ground) and crosslink systems (i.e., space
to space). The requirements of these two types of
systems can vary widely which often leads to significant differences in the engineering approach.
Downlink systems are often asymmetric, providing a high-bandwidth downlink and a much
slower (or perhaps no) uplink capability. A recently
launched example of such a system is TBIRD29
which aims to demonstrate a 200 Gbps downlink
from a 6U cubesat platform. This system is able
to benefit from comparatively short link distances
<2000 km, large ground telescopes, and effectively
no power constraints on the receive side of the link.
Downlink systems do have to contend with atmospheric effects, cloud blockages, along with beacon
safety and licensing complexities.
By comparison, crosslink systems tend to be
symmetric with each terminal capable of sending
and receiving data at equal rates, simultaneously
(i.e., full duplex). Crosslink systems do not have to
contend with atmospheric effects but do face many
Palo

Wavelength selection is an important, and often
controversial, parameter in lasercom system design.
Wavelength impacts the transmitter topology, availability of detectors, and the overall size requirements
of the terminal telescope. Most systems today leverage components from the terrestrial fiber telecommunications industry that operate at 1550 nm. Massive investments have been made in research and development of these components and they can offer
high performance, low cost and high reliability.
Unfortunately, these fiber components also come
with some disadvantages that are problematic to
SWaP-constrained applications like small satellites.
On the transmit side of the system, most 1550 nm
systems rely on power-inefficient erbium-doped fiber
amplifiers (EDFAs) for transmit amplification and
offer “wall plug” power efficiency of 10 % or less in
most cases. Another challenge with 1550 nm systems are the acquisition and tracking sensors needed
to establish and maintain link pointing. Focal plane
arrays, which provide fast acquisition and tracking,
which can operate at this wavelength are exotic/4
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Figure 3: Comparison of 1550 nm fiber telecom wavelengths and silicon friendly wavelengths.
tremely high data rates (>40 Gbps) offered by fiber
components. Figure 3 summarizes the tradeoffs between 1500 nm and silicon friendly wavelengths.

expensive devices and not compatible with the current Blue Cubed low SWaP-C approach. Typical
1550 nm systems use quad cells for tracking and a
search-stare or search-search approach which can be
time consuming given the small field-of-view of these
sensors. More details on the fast Blue Cubed acquisition approach are provided in Section 4.

The Blue Cubed initial product offering targets
small satellites with stringent SWaP-C constraints
and modest data rate requirements in the 1 Gbps to
10 Gbps range. For this class of applications, a “silicon friendly” wavelength is a excellent choice and is
the one we have decided to pursue initially.

Finally, on the receive side, most 1550 nm systems need to couple the free-space signal into a
single-mode fiber with a 10 µm mode diameter. This
is significantly more complex than steering the signal onto a standard photodiode with a 10 X to 50 X
larger diameter. In short, while 1550 nm components do have a great deal to offer, they come with
significant overhead that must be accounted for in
the overall lasercom system design. Fiber components are an excellent choice when targeting highrate (>40 Gbps) applications such as the backbone
links needed for communications mega constellations.

3.3 Aperture Trades

An alternative to 1550 nm is to design the lasercom system for shorter wavelengths where silicon devices can be used in the visible and near infrared
(400 nm to 1000 nm). For the transmitter, highpower laser diodes are available that can achieve
“wall plug” power efficiency exceeding 30 %. The
pointing, acquisition and tracking subsystem can
leverage commodity camera sensors which, despite
their low cost, offer very good sensitivity and high
frame rates. Finally, owing to the shorter operating wavelength, the terminal telescope size can be
reduced which further reduces cost of the terminal.
The main disadvantage of using “silicon friendly”
components is that it is difficult to achieve the exPalo

Aperture architecture, single vs dual, is another
area where lasercom terminals tend to diverge in
their approach (Figure 4). Alignment of the optical
elements in a milti-aperture is a significant-challenge
as the system must survive 14 Grms launch loads
and significant thermal variations At Blue Cubed
we are firm believers in the single aperture architecture where one telescope handles both the receive
and transmit signals. This leads to a reduction in
terminal mass and cost and also eases co-alignment
concerns between the transmit and receive paths.
5
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aperture, an orthogonality mechanism is needed so
that signals can be separated inside the terminal.
The SROA approach is able to use wavelength, polarization or time multiplexing to satisfy this requirement.
Figure 5 shows the optical layout of the system.
A beam combiner places both the transmit and receive signals in a common collimated beam space.
Additionally, the beam combiner samples a small
portion of the transmit signal and propagates it
through an angle-maintaining retroreflector so that
it can follow the receive signal to the tracking sensor.
A focusing lens establishes an image plane in the system. The beam splitter diverts the majority of the
receive signal power to a high-bandwidth communications detector (eg. APD). The portion of light not
sent to the communications detector is sent to the
tracking sensor. A beam displacer imparts a fixed
spatial displacement to the transmit and receive signals so that they arrive at different positions on the
tracking sensor. This enables independent tracking
of the two signals on the tracking sensor which can
provide both a wide field-of-view as well as kilohertz
position measurements.

Figure 4: Summary of aperture trades.

4 Self-Referenced Optical Architecture
The realization that optical communications is
fundamentally a pointing problem has been well
documented.30–33 The core objective of any optical communication system is to point the outgoing
beam at the partner receiver. The partner’s transmit signal, or beacon signal, informs the terminal
precisely where the partner is located. In almost all
free space optical communication applications, this
pointing arrangement is highly dynamic and control systems must be used to maintain pointing over
time. Pointing adjustments arise not only from relative movement of terminals, but also from local jitter
imparted by platform vibration, thermal warpage,
and many other factors. Many space-to-space applications require sub-microradian pointing precision
with control loop bandwidths extending to several
hundred hertz to maintain robust communication
links.
Blue Cubed has developed and patented a
Self-Referenced Optical Architecture (SROA) that
makes the optical terminal robust to environmental
loading (e.g., thermal and launch) and simultaneously relaxes manufacturing tolerances and calibration requirements.1 The core principle of operation
leverages differential tracking of the receive signal
and a sampled portion of the transmit signal on a
common tracking sensor. By maximizing the common path for both the TX and RX signals, the system becomes robust against individual component
misalignment.
Blue Cubed is a strong proponent of singleaperture terminal configurations due to the mass
and cost savings that can be realized. Because both
transmit and receive signals are traversing a common
Palo

Figure 5: Self-Referenced Optical Architecture block diagram
The key advantage of the differential tracking approach is that positioning of the common path components is not critical. If any of the common path
components become misaligned, the transmit, sampled transmit, and receive signals are all impacted
equally. As long as both the transmit reference signal and the receive signal remain on the tracking
sensor, which has roughly a 1 degree field of view,
the system is still able to function. This has profound benefits in system design, manufacturing and
operations.
The current Cobalt design utilizes a fiber coupled
laser for transmit, and a free-space coupled APD for
receive. The relatively wide view angle (2.3 mrad or
0.13°) of the APD makes alignment with the transmit path boresight trivial. We note that the SROA
approach works equally well in fully fiber-coupled
systems where precision alignment/coupling to the
6
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receive fiber is vital. In such a system, the receive
fiber position can be monitored on the tracking sensor by injecting a counter-propagating “metrology”
signal into the receive fiber. An additional actuator
(eg. fine-steering mirror or fiber nutator) would be
added to allow the system to steer either the transmit or receive path into alignment with the other.
The same actuator would also provide point-ahead
if needed.

most stressing case for the system is where the receive signal from the partner is at its weakest. The
system also must minimize the amount of transmit
signal that reaches the communications detector.

5 Results
Early prototypes of the Cobalt optical bench
were constructed from PETG plastic on an inexpensive 3D printer which allowed for a low-cost and
rapid prototyping design cycle (Figure 6). Optical
elements were threaded into the plastic bench and
optoelectronics were installed with mounting screws.
The tracking sensor was connected to a PC over
USB for readout of the tracking images. Despite the
relatively crude construction technique, these prototypes were able to provide sub-microradian measurement of the transmit signal relative to the receive
signal “out-of-the-box”, providing initial validation
of the SROA robustness to manufacturing tolerances
and component misalignment.

Figure 7: Tracking sensor capture

Figure 7 shows a representative capture from the
tracking sensor. In this capture, the system had
a flight-like TX/RX power ratio at the free-space
aperture while the signals on the focal plane were
balanced to within approximately 10 dB. Crucially,
both signals are above the receive floor and are also
below saturation which makes accurate centroid calculations possible. Attenuation of the transmit signal at the focal plane is 60 dB relative to the freespace aperture of the system. Attenuation of the
transmit signal at the communications detector was
measured at greater than 100 dB, greatly exceeding
the design requirement of 80 dB.

Figure 6: Cobalt optical bench plastic prototype
5.2 Transmit Wavefront Characterization

5.1 Differential Tracking
One key performance parameter for Cobalt and
the SROA is the design’s ability to provide sufficient
isolation between the high-power transmit signal and
the low-power receive signal. At the free-space aperture of the terminal, transmit power is on the order
of 200 mW whereas receive power can be lower than
1 µW. The optical system must sample a small portion of the transmit signal and deliver it to the tracking sensor at a power level roughly matched to the
receive signal to allow simultaneous imaging. The
Palo

Transmit beam quality performance is of
paramount importance to the system link budget. A
commercial Shack-Hartmann wavefront sensor was
used to characterize the wavefront error of the transmit signal from the Cobalt bench. Figure 8 shows
the measurement from one of the qualification units.
RMS wavefront error for this unit is roughly 0.02λ
which is well under the 0.15λ that is being carried
in system link budgets.
7
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Figure 8: Wavefront measurements measurements from the Cobalt bench

We note that this result is only a partial verification of this aspect of the system. In a full terminal
solution, the Cobalt core optics are paired with an
external 5X beam expander. Future work is needed
to validate the beam quality of the combined Cobalt
and beam expander system.
Figure 9: Proto-qual optical bench
Tracking sensor data was collected before and after random vibe of each axis. An attenuated corner cube retroreflector was used to mimic an onboresight partner terminal and act as a reference.
Tracking sensor data was post-processed to identify
the brightest pixel of both the transmit and receive
spots. The positions of both the sampled transmit
spot and receive spot remained stationary before and
after vibe. Centroid processing code is under development to assess sub-pixel movement. Point spread
functions of the tracking spots also remained consistent through the vibe test (Figure 10) and there was
no measurable change in resonant modes.

5.3 Preliminary Vibration Qualification

Once confidence had been built in the optical bench design, “protoqual” units were fabricated
from aluminium (Figure 9). Optical elements were
installed using adhesives and fasteners appropriate
for flight. System alignment was accomplished using
live imagery from the tracking sensor.
The protoqual bench includes an optical breadboard bolt pattern that allows it to easily be attached to the vibe table through an optical breadboard adapter plate. The design was subjected
to GEVS prototype qualification levels (20 Hz to
2000 Hz, 14 Grms ) for two minutes in the axis normal to the bench plane.34 Low-G sine sweeps were
also performed before and after each axis to monitor
for changes in resonant modes.
Palo

Figure 10: Comparison of tracking sensor
point spread functions through vibe
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6 Conclusions

[6] R. M. Gagliardi. Optical Communications For
Deep Space Missions. In Real-Time Signal Processing III, volume 0241, pages 29–36, 1980.

Blue Cubed has developed the Cobalt optical system which can provide up to 10 Gbps full duplex
optical downlink and crosslinks in a small form factor. The system is designed to meet the challenging
SWaP constraints of small satellites and leverages
the benefits of a patented self-referenced optical architecture with a wide field of view focal plane array.
The design is exceptionally tolerant to manufacturing tolerances and component placement, as shown
via the design iterations completed using 3-D printed
prototypes.
The testing to date has included basic functional
free-space performance testing, bit error rate testing and NASA GEVS level testing in one axis, all of
which have been successful. The Blue Cubed team
is currently developing the electronics and software
for the Cobalt system and is targeting having flight
units available in 12-14 months. The Cobalt optical
system is currently baselined to support an optical
crosslink on the National Ocean Prediction Program
COAST radar altimetry mission and downlink on
the RALPHIE Air Force UNP mission.

[7] S. Dolinar, V. Vilnrotter, and R. Gagliardi.
Deep Space Optical Communication Via Relay
Satellite. Control and Communication Technology in Laser Systems, 0295(December 1981):18–
25, 1981.
[8] Masayuki Fujise, Mitsuo Nohara, Kiyohiko Uehara, and Wataru Chujo. Broadband mobile
satellite communication system by LEO-SATs
and optical ISLs. In GLOBECOM 1992 Communication for Global Users: IEEE Global
Telecommunications Conference, pages 437–
442, 1992.
[9] Tom Butash, Peter Garland, and Barry Evans.
Non-geostationary satellite orbit communications satellite constellations history. International Journal of Satellite Communications and
Networking, 39(1):1–5, 2021.
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